Abstract: Technology spillover through international trade is an important form of technology spillover. Using trade data of UNCOMTRADE to establish international trade relations between the EU member states in 2009-2015, this paper calculates the centrality and structural hole index of the import trade network of the EU member states using UCINET6.0 as a tool, in the social network analysis method. On this basis, the panel data model is constructed, and the moderating effects of centrality and structural holes on innovation output are taken into account. The results show that the centrality and structural holes of the import trade network of the EU members do not directly affect the innovation output, but play a positive moderating role in the function of innovation input on the innovation output.
INTRODUCTION
From the classical trade theory, new classical trade theory, new trade theory and the new classical international trade theory, when relates to develop-ment of international trade theory, the relationship between technological innovation and international trade is an unavoidable topic. Because of non-competition and partial non-exclusiveness, it is possible for international trade to induce technology spillover. Under the open economy, the economic growth of a country benefits from the innovation input of its own country, meanwhile one country's innovation activities can be spread indirectly to other countries through import trade (Keller, Wolfgang, 2002) . The earliest explanations of technology spill-over through international trade are mainly the theory of contagion (Findlay, 1978) and the explana-tion from the perspective of externality (Arrow, 1962) . The new growth theory, represented by Romer (1986) and Lucas (1988) , emphasizes the positive effect of technology spillover through international trade on technological innovation. Grossman & Helpman (1989) first study the rela-tionship between technological change and economic growth in the open economy by the framework of general equilibrium. From then on, many scholars have joined the study of mechanism and conditions of technology spillover effects of import trade on the basis of the research of Grossman & Helpman (1989) .
In the aspect of empirical research on technology spillover effects of import trade, based on "innovation driven" model, Coe & Helpman (1995) has been built the CH model, for the first time to calculate the effect of import country's R&D on the TFP from the perspective of evidence. After this, many research is mainly to improve the CH model, and the main features are as follows: on the one hand, the perfection of the variables, Coe, Helpman & Haffmaister (1997) The traditional analysis of trade effect of innovation output through international trade have adopted econometric method using attribute data, ignoring the analysis of relational data, so this paper employees the social network analysis method, with the research object defined in the variable trade relations, taking the use of UCINET6.0 as the analysis tool to calculate the centrality and structural holes of import trade network of EU Member States and use EVIEWS6.0 as the analysis tool, based on panel data from 2009 to 2015 to study the influence of the EU member countries import pattern on technological innovation of one country, and to discuss the role of import trade structure in technological innovation.
THEORY AND HYPOTHESIS

Theoretical Basis
Despite the existence of different voices, the technology spillover of import trade has reached a broad consensus. Therefore, this study takes the technology spillover through import trade as the basic theoretical presupposition. In SCP paradigm of the Harvard School, there is a one-way causal relationship between the structure, behavior and performance under the unified noumenon, although the Chicago school, New Industrial Organization theory and New Institutional school has modified or improved the SCP paradigm, but as the kernel of paradigm of the SCP, namely "structure influence behavior, and behavior influence performance" is still retained. This study attempts to combine the technology spillover effect through import trade with the SCP paradigm, and study the impact of import trade structure on innovation output under different noumenon. The idea of this study is: innovation input is an obvious key variable of innovation output, because of the technology spillover, the network structure of import trade will affect the function of innovation input on innovation output, that is to say, the import trade pattern of the network does not directly affect the innovation output, but plays a regulatory role in the function of innovation input on innovation output. This constitutes the theoretical basis of this study, and also formed the basic assumptions of this paper. This study uses social network which springs up in the sociological analysis to study the import trade structure among members of the European Union through the route of the relationship between the individual network.
Key Assumptions
Centrality and Technology Spillover
Within the European Union, what kind of power the member states have in the whole import trade network, or what kind of central position they are, is the first problem that should be faced when analyzing the import trade pattern within the EU. Social network analysis usually uses the centrality to represent the degree of the individual in the center, called centrality index. Centrality consists of degree centrality, betweenness centrality, and closeness centrality. This study uses relative degree centrality to measure the centrality of a country. The degree centrality is a portrait of the local center node index, strong ties between the nodes and the network measure actors in their own ability to integrate resources, trading ability and communication ability, without considering whether to control others. A point of the center and the degree is directly connected to the other points. Because this paper relates to network as a weighted network, so the degree of center of point A is aggregated of out-degree and in-degree, and the weight is the standard value of trade.
The degree centrality of social network depict country location in the network. On the one hand, one country locating in the heart of the national network has a higher status and power, can integrate the cyber source from a broader and deeper level, and can enhance a country's ability to obtain external resources (Zhiyong Zhang, Yi Liu, En Xie, 2007), which is conducive to a country's innovation output; On the other hand, if one country is located in the heart of the national network, there will be more and more countries are willing to establish trade relations with the country, which can enhance the power of price negotiation (Gnyawalid, Madhavan, 2001), then, to enhance the innovation output.
To this end, the following assumptions are proposed: Hypothesis 1: import network centrality does not directly affect the output of innovation; Hypothesis 2: import trade network centrality plays a positive moderating role in the impact of innovation input on innovation output.
Structural Holes and Technology Spillover
The structural hole theory originated in sociology research of Ronald Burt in 1992, which refers to some nodes which have a direct contact with other nodes in social networks, but have not direct contact with other nodes, so the whole network appears a kind of "empty" structure (Burt, 1992) .
The structure hole represents a special structure formed by the relationship between at least three actors. The structure hole constitutes a kind of social capital because this structure may bring benefits (Granovetter, 1973) . That is to say, to occupy structural holes has the vital significance to the occupants (Jun Liu, 2016). The more one country occupied structural holes in trade network, the more one country occupies more important position in trade network, and the more competitive in trade activities (Zhenfu Li, Yu Miao, Jing Chen, 2017).
To this end, this study proposes the following hypothesis:
Hypothesis 3: structure holes of import trade network do not directly affect innovation output.
Hypothesis 4: structure holes of import trade network play a positive moderating role in the function of innovation input on innovation output.
EMPIRICAL ANALYSIS
Sample Description
The research span of this paper is 2009-2015 years after the financial crisis. The data of international trade between EU member states are from the United Nations Database for trade in goods (UNCOMTRADE). In order to facilitate the analysis and statistics of the data, this paper standardized the processing of trade data. The purpose of data normalization is to eliminate dimension and eventually to make the data fall into a small specific interval. The specific formula model is as follows:
Where MAX is the maximum value of the sample data, MIN is the minimum value of sample data. The resulting data matrix is called a weighted network, A ij represent import value of country i to country j, so there is no sense of the value on the diagonal, which is defined as 0.
The data of innovation input and innovation output comes from the global intellectual property organization (GII) issued by the International Intellectual Property Organization (WIPO), the European Institute of business administration, and Cornell University. The index was first published in 2007, and has been released 9 annual report. The global innovation index has modified in 2012. In view of the comprehensiveness and authority of the index, the global innovation index has become the main reference index for domestic and foreign scholars to study the national innovation capability.
Variable Measure
Dependent Variable
The innovation output index in GII is used to measure innovation output, and the global innovation index in GII comes from the average value of innovation output index and innovation input index. The composition of the innovation output index is shown in the table 1: (1) Centrality. In this study, the initial data is a directed network of trade. According to direction the linkages are divided into out-degree and in-degree, because of concerning the effect of import trade network pattern of EU member states on the function of innovation output on innovation input, so this study only considers the index of in-degree. The numerical calculation can be obtained by UCINET (Jun Liu, 2016).
Independent Variable
(2) Structural hole. There are two kinds of calculation indexes for structural holes, one is Burt's structural hole index (Burt, 1992) , and the other is betweenness centrality index (Freeman, 1979; Brandes, 2008; Everett & Borgatti, 2005 ). This paper uses Burt's structural hole index, which has four indicators: effective size, efficiency, constraints and hierarchy, of which the third indicators are most important. In order to facilitate the study, this paper uses the 1 minus limit as a measure of the capacity of a country to occupy the structure holes, and its data can be calculated by UCINET.
(3) Interactive items. To measure the effect of import trade pattern in the function of innovation input on innovation output, this paper introduces two interactive items, namely the trade network centrality multiplied by the innovation input and trade network structure holes multiplied by the innovation input. If the estimated coefficient of the interaction term is positive, the center centrality and (or) structural holes play a positive regulatory role in the function of innovation input on innovation output, and vice versa.
(4) Innovation input. This study uses the innovation input index of GII to measure innovation input, and the index is shown in the table 2.
Model Design
Unit Root Test of Total Sample
In order to avoid the pseudo regression caused by non-stationary time series, the unit root test of the stationarity of the time series is first carried out. The test results are shown in table 3. 
Co-integration Test of Total Sample
In order to test whether the long-term co-integration relationship exists between variables, this study makes co-integration test using the common method, i.e. Pedroni test and Kao test, and the Pedroni test types including constant, not including the time trend, and the lag order is determined by the SIC criterion. The test results are shown in table 4.
It can be seen from the table that the original hypothesis is rejected at the level of 1%, and the Kao test also rejected the original hypothesis at a significance level of 5%. The results show that there is a long-term co-integration relationship for each variable sequence. Notes: * means significant in the level of 5%, and ** means significant the level of 1%.
Model Selection and Test
According to whether the constant term and the coefficient vector is constant, the panel data model can be divided into 3 types: mixed regression model (for constant), (coefficient is constant) and varying coefficient model (non for constant). mixed regression mode:
variable intercept model:
variable coefficient mode:
To determine which model a panel data belongs to, F statistic can be used in this study:
To test the following two hypotheses: 
Through the calculation of data, the most suitable model is mixed regression model. Since the number of cross sections is greater than the number of time series, the weights are weighted by section, which allows the existence of Heteroscedasticity in different sections. The results of the simulation are shown in Table 5 . : * means significant at the level of 1%, * * indicates significant at 5% level. The bracket values after the coefficients are standard errors, and the brackets in the F-test and the T-est are the respective significant degrees. Because the structural holes in Cyprus and Malta are 0, the two countries are removed in the simulation.
Theoretical Finding
From the results of model 1, it can be seen that the impact of innovation input on innovation output is obvious, and the revised coefficient can reach 0.82. Model 2 and model 3 respectively added import trade network centrality degree differential and import trade network structure hole grade difference. Model 4 adds these two explanatory variables to the model simultaneously. From the results, the model 2, 3 and 4 of the correction coefficient of determination quickly dropped to 0.75, and can not pass the T-test and F-test, furthermore. From the results of granger causality test, the differential of hole degree and centrality degree does not constitute the granger reason of innovation output, so in the end the two explanatory variables is removed from the model. Model 5 takes the network center of import trade multiplied by innovation input into account. According to the simulation results, the model 5 correction coefficient of determination is improved from 0.82 to 0.86, passing the T-test and F-test, and the coefficient is positive.
In summary, it can be assumed that hypotheses 1, 2, 3 and 4 have been validated.
(1) The structure of import trade network does not directly affect innovation output. The CH model and the CHH model are the basis for the study of technology spillovers through international trade, and the empirical analysis of relevant literature is based on this model (Peiyuan Xu, Weisheng Gao, 2010). The technology spillover through import is an important form of technology spillover, and it emphasizes that importing countries can obtain the product by reverse engineering and imitation of imported products (Keller, Wolfgang, 2004) . Due to the uncertainty of technology spillover, human capital, trade structure, degree of opening conditions, the number and share of imports, import trade network pattern does not directly affect the importing country innovation output.
(2) Centrality of import trade network plays a positive moderating role in the function of innovation input on output. Centrality reflects the centrality of a country in the European Union's trade network, symbolizing the strong ties between a country and other countries. The higher the centrality, the more a country can integrate resources at a deeper and broader level, and innovation input can better promote the innovation output of a country through the resource integration ability.
(3) structure holes of import trade network play a positive moderating role in the function of innovation input on innovation output. Occupying the location of the structure holes, can obtain a large number of non redundant heterogeneous resources, and bring more trade advantage. So, this advantage further evolved into the country's social capital, and weakening effects of technology spillover in uncertainty.
CONCLUSIONS
In the perspective of social network, the conclusion of this article is that the import trade network pattern does not directly affect the output of innovation, but the import trade structure plays a positive regulatory role in function of innovation input affecting on innovation output. Import trade will influence the innovation output through technical spill over, but the capital goods and intermediate goods will directly improve the production efficiency as materializing technology, at the same time as the operation and use of machinery and equipment, technology and non-materialization of tacit knowledge has been transferred (Xu, Wang, 1999) , However, in this paper, there is no classification of capital goods and noncapital goods. Secondly, there are many constraints on technology spillover through import trade, which include human capital, product structure, openness and so on. Therefore, the follow-up study of this paper can be extended from the following two aspects: (1) to investigate the role of capital goods and intermediate goods import trade pattern in the function of effect of innovation input on output; (2) to consider more constraints to the model.
